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1  HBV体外感染模型 
HBV的感染过程主要包括：病毒颗粒与细胞
的结合、脱外膜蛋白释放核衣壳入胞、rcDNA 在












支持 HBV 感染的能力降低[14]。此外，HBV 对于
人原代肝细胞的感染有一定的宿主遗传背景依赖
性，不同供体之间的高度异质性也影响了基于
PHH 细胞的 HBV 感染研究结果的可重复性[16]。
针对 PHH体外培养表型维持难的问题，Bhatia等
新 近 构 建 了 一 种 称 为 微 型 共 培 养 系 统
(micro-patterned co-cultured，MPCC)的培养体系，
该系统是将 200–400个 PHH在精确的微尺度结构











鉴定出人钠离子 -牛磺胆酸共转运蛋白 (sodium 
taurocholate cotransporting polypeptide，NTCP)是









估药物抗 HBV作用最为可靠的模型(表 1)。 
1.2  HepaRG细胞 
HepaRG 细胞是从一位慢性丙型肝炎病毒感
染的女性肝癌患者的肝脏肿瘤中分离出来的具有














后的 HepaRG 细胞能支持完成 HBV 完整生命周
期，并支持 cccDNA 的合成和持续[27]。由于分化




图 1.  HBV体外感染细胞模型的生命周期模式图 
Figure 1.  Life cycle pattern of cell models for HBV infection in vitro. ① The virions bind to the NTCP receptor on 
the cell surface; ② uncoating surface protein, then releases the nucleocapsid into the cell; ③ rcDNA is released into 
the nucleus; ④ rcDNA deproteinizes, then the positive strand is filled to form a supercoiled cccDNA; ⑤ cccDNA is 
used as a template to transcribe 5 kinds of mRNA; ⑥ protein translation in the cytoplasm;  S proteins are ⑦
assembled into subviral empty envelope particles (SVP); ⑧ the secretion of e antigen; ⑨ polymerase protein binds to 
pgRNA to initiate reverse transcription, then forms negative-strand DNA and immature nucleocapsid; ⑩ DNA 
positive chain synthesis to form intact rcDNA (mature nucleocapsid); ⑪ formation of mature virions; ⑫ a part of 
nucleocapsids replenish cccDNA pool; ⑬ releases of mature virus particles; ⑭ a part of nucleocapsids is released in a 
naked form (naked capsid);  subviral empty envelope particles (SVP) are released outside the cell.⑮  
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表 1.  HBV体外感染细胞模型 
Table 1.  Cell models for studying HBV infection in vitro 
Cell models Source or feature Advantages Disadvantages References
PHH Human liver tissue Research for metabolism and innate 
immune response after HBV 
infection; support full HBV life 
cycle; natural host of HBV 
Costly; limited resources; difficult 
to culture; short life; large 





PTH Liver tissue of  
tree shrew 
Support HBV infection similar to 
human hepatocytes; has natural 
immune response against HBV 
Low infection efficiency; 
non-human cells; limited 
resources; phenotypic changes 
cultured in vitro 
[9,20] 
HepaRG Derived from a HCV- 
induced liver tumor 
Support full HBV life cycle; exhibit 
some hepatic functions 
Long time for induced 
differentiation; low infection 




hepatoma cell line 
Integration of 
exogenous NTCP 
Easy access; unlimited supply; good 
reproducibility; easy to operate; 
higher infection efficiency; support 
complete life cycle of HBV; 
platform for virus entry inhibitor 
screening 
High MOI for infection; limited 
infection transmission; less 
cccDNA formation; lack of natural 
interaction between virus and host; 
greatly different from normal 
physiological liver performance  
[6,9,31,34,
48–50] 
HLCs or hiHep Stem cell differentiation 
or non-hepatocyte 
transdifferentiation 
Support full HBV life cycle; exhibit 
some hepatic functions; unlimited 
supply; suitable for genetic 
manipulation 
Complex and long-term 
differentiation; can’t represent 
complete phenotype profile of 










Schulze 等利用 HepaRG 细胞阐明了在 HBV
感染细胞起始步骤中硫酸乙酰肝素糖蛋白 






Macovei 等基于 HepaRG 细胞的研究发现小窝蛋










高通量大规模抗 HBV药物筛选中的应用(表 1)。 




Huh7、HepG2 等)中表达缺失的 HBV 功能性受  
体[9]，由于缺乏内源性 NTCP 表达，HepG2 等广













细胞对细胞培养来源的 HBV 病毒 (cell culture 
derived HBV， ccHBV)易感性要显著高于慢性






等发现使用 2%以上的 DMSO 处理 HepG2-NTCP
细胞能提高其对细胞来源 HBV的易感性，显著提












AML12 能一定程度地支持体外 HBV 感染，该细
胞来源于过表达人转化生长因子 α(hTGFα)的转基
















菌素 A[45]及其衍生物[46]，或者通过下调 NTCP 的












































2  HBV体外复制模型 
与感染模型不同的是，在 HBV复制模型中缺
少 NTCP等 HBV相关受体的表达，五种形式 HBV 
RNA的转录最初来源于整合于宿主细胞染色体或
者其他载体上的 HBV基因组(图 2)。 
由于 HBV的感染和复制具有肝细胞嗜性，所
以常用于研究 HBV 复制的细胞模型均基于肝癌
细胞系。Huh7 和 HepG2 细胞系在体外培养方便
且易生长，尽管缺乏 NTCP，但可高效支持 HBV
的转录、复制和病毒产生[57–58]。 





胞是在 HepG2 细胞中整合了双拷贝 HBV 基因组
的稳定细胞株，能够稳定表达病毒基因相关产物
并保证持续的 HBV 复制能力(表 2)，已被广泛用
于 HBV基础生物学问题的研究，同时为早期抗病
毒药物的发展提供了工具[59–60]，Dandri 等通过对
HepG2.2.15 细胞进行活性氧或 DNA 修复抑制剂
处理，发现 DNA 损伤可以增加 HBV 整合的频   
率[61]。1997 年，Lander 等[62]利用四环素控制型
CMV启动子构建了 HBV 1.1倍基因组表达载体，
转入 HepG2 细胞使其成为稳定整合 HBV 的
HepAD38细胞株(表 2)。在 HepAD38细胞中，HBV 
pregenomic RNA的转录和病毒基因组复制可由四
环素控制。与 HepG2.2.15细胞系相比，HepAD38
细胞系表达可调控，在 Tet-off 情况下 HBV 病毒
的产量和胞内 c c c D N A 的积累显著高于
HepG2.2.15[63]。利用该细胞系，Cui等发现 TDP2 
(tyrosyl-DNA-phosphodiesterase 2)的缺失并不能





的 ATG 突变成了 GTG，而 3′端 pre-core 的 ATG








中，由于 HBeAg与 HBcAg有 154个氨基酸的同
源性，多数用于 HBeAg 检测的抗体均与 HBcAg




实水平。为解决这一问题，Cai 等[67]将 HA 标签 
 
图 2.  HBV体外复制细胞模型的生命周期模式图 
Figure 2.  Life cycle pattern of cell models for HBV replication in vitro. ① baculovirus or adenovirus containing 
HBV genome bind to releated receptor on the cell surface; ② releasing viral DNA into cytoplasm; ③ viral DNA is 
transported into the nucleus; ④ the genome of HBV is transcribed to form five kinds of mRNA; ⑤ the cell line 
stably integrating the HBV genome initiates transcription (or under the control of tetracycline); ⑥ protein 
translation in the cytoplasm; ⑦ S proteins are assembled into subviral empty envelope particles (SVP); ⑧ the 
secretion of e antigen; ⑨ polymerase protein binds to pgRNA to initiate reverse transcription, then forms 
negative-strand DNA and immature nucleocapsid; ⑩ DNA positive chain synthesis to form intact rcDNA (mature 
nucleocapsid);  formation of mature virions;  a part of nucleocapsids replenish cccDNA pool; releases of 
mature virus particles;  a part of nucleocapsids is released in a naked form (naked capsid);  subviral empty 
envelope particles (SVP) are released outside the cell;  cell can’t be infected by HBV without NTCP expression. 
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表 2.  HBV体外复制细胞模型 
Table 2.  Cell models for studying HBV replication in vitro 





Easy handle; cheap; stable; support 
efficient replication of HBV 
Don’t support HBV infection; has 
the characteristics of cancer cells 
[9,57–58] 
HepG2.2.15 Stable cell line integrating 
double-copy HBV genome 
in HepG2 cells 
Stable and continuous expression 
and replication of HBV gene; 
produce infectious virus 
Not permissive for HBV infection; 
low virus production; uncontrolled 
replication and expression of HBV; 
less cccDNA formation 
[59–61] 
HepAD38 Integration of 1.1 copies of 
the HBV genome in 
HepG2 cells, with a 
tet-induced promoter 
Controllable replication and 
expression of HBV gene; virus 
production is relatively high; 
cccDNA accumulation is relatively 
high 
Don’t support HBV infection [62–63] 
HepDE19 HBeAg is expressed from 
cccDNA, not from the 
integrated genome 
The amount of cccDNA is 
positively correlated with HBeAg; 
large-scale drug screening platform 
for cccDNA 
Not permissive for HBV infection; 
the detection of HBeAg has a high 
background (homology of HBcAg) 
[65–66] 
HepBHAe82 A second-generation 
cccDNA reporter model 
based on HepDE19 with a 
HA tag 
The amount of cccDNA is 
positively correlated with HBeAg; 
no background (or very low); high 
specificity 
Don’t support HBV infection; the 





(influenza hemagglutinin，HA)插入到 HBeAg 的




2.2  HBV基因组的传递载体系统 


































表 3.  HBV体外复制细胞模型-传递载体系统 
Table 3.  Cell models for studying HBV replication in vitro-delivery vector system 





Support replication and expression of 
HBV; formation of infectious virus 
particles; formation of cccDNA pools; 
baculovirus can’t replicate in 
mammalian cells 
Skip the natural phase of HBV 
entry; some host responses to 
HBV infection may be masked by 
non-specific reactions caused by 





Produced in  
293 cells 
Transduction efficiency can be judged 
by green fluorescent protein; make 
HBV cross-species infection possible; 
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Cell models for studying HBV infection and replication in vitro 
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Abstract: Chronic hepatitis B virus (HBV) infection is a worldwide public health problem that poses a serious 
threat to human health. Currently, only a very small fraction of patients can achieve functional cure based on the 
existing treatment strategies of anti-HBV drugs. The development of more effective drugs against HBV certainly 
requires a more comprehensive understanding on the roles and mechanisms of each viral component and its related 
host factors in viral life cycle, and therefore providing scientific clues for further identification of novel therapeutic 
targets. In vitro cell models supporting HBV replication and infection are important tools for basic researches of 
HBV life cycle, and play essential roles in the identification of novel anti-HBV targets and efficacy evaluation of 
drug candidate. In this review, we summarize the recent research advances on the cell culture models supporting 
HBV infection and replication, and systematically illustrate and discuss their application characteristics and 
limitations and highlight perspectives for further developments. 
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